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True vertical depth
Pressure
Upper pressure margin 
(fracture pressure)
Lower pressure margin 
(pore pressure)
Pressure in the well 
(hydrostatic + friction)
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30" Casing
16" Casing
13 3/8" 
Casing
Open hole
Target reservoir 1
Target reservoir 2
Target reservoir 3
9 5/8" 
Liner
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Pipe ram
Pipe ram
Pipe ram
Shear ram
Annular 
preventer
Annular 
preventer
Choke or 
kill line
Choke or 
kill line
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Mud pits
Top drive
Rotating control 
device (RCD)
Riser
Drillstring
Main pump
Choke
Back-pressure 
pump
Drilling fluid 
(mud)
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Platform
Blow out preventer (BOP) at seabed
Mud level in riser
Wellbore
Air in riser
Subsea 
mud 
pump
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+ f
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, L + x  − L	),
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+ f
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0 ≤ x ≤ L  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+ f
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A
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vt = 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X˙ = AX, ..
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pt (z, t) =− β
A 
qz (z, t) , 
qt (z, t) =− A 
ρ
pz (z, t)− F
ρ
q (z, t)−A g, 
q (0, t) =q  (t) , 
p (l, t) =p (t) , 
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p¯ (z, t) = p (z, t)− ρg (l − z) , &
	 
p¯t (z, t) =pt (z, t) = − β
A
qz (z, t) , 
qt (z, t) =− A
ρ
(p¯ (z, t) + ρg (l − z))z −
F
ρ
q (z, t)−Ag
=− A
ρ
p¯z (z, t) +Ag − F
ρ
q (z, t)−Ag
=− A
ρ
p¯z (z, t)− F
ρ
q (z, t) , '
 
p¯ (l, t) = p (l, t) = p (t) . (
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q  (t) =q(t) + q(t), )
p  (t) =p (0, t) , 
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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p¯t =− β
A
qz, 
qt =− A
ρ
p¯z − F
ρ
q, 
q (0, t) =q(t) + q(t), 
p¯ (l, t) =p (t) . 
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u¯ (z, t) =
1
2
(
q (z, t) +
A √
βρ
p¯ (z, t)
)
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v¯ (z, t) =
1
2
(
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βρ
p¯ (z, t)
)
. !
%$  & 
 !"  ! 	
u¯t =
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2
(
qt (z, t) +
A √
βρ
p¯t
)
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√
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u¯z − F
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(u¯+ v¯). 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v¯t =
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2
(
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v¯ (l, t) =
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(
(u¯ (l, t) + v¯ (l, t))− A√
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p (t)
)
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u¯ (0, t) =− v¯ (0, t) + q (t) + q(t), !
v¯ (l, t) =u¯ (l, t)− A√
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u (x, t) + v (x, t) e2ax
)
. '"
.
  	
 
  ﬁ	
 
 
  	


	   
 		

  	
   
ux (x, t) = lu¯z (xl, t) e
ax + au¯ (xl, t) eax, 

u¯z (xl, t) =
1
l
ux (x, t) e
−ax − a
l
u (x, t) e−ax. 
    	
ut = −1
l
√
β
ρ
ux (x, t) +
(
a
l
√
β
ρ
− F
2ρ
)
u− F
2ρ
e2axv (x, t) . 

a =
Fl
2
√
βρ


ut = −1
l
√
β
ρ
ux (x, t)− F
2ρ
e2axv (x, t) . 
 	   ! 
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u (0, t) =− v (0, t) + q (t) + q(t), (
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ux − F
2ρ
e2axv, !
vt =
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√
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vx − F
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e−2axu, 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u (0, t) =− v (0, t) + q (t) + q(t), 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1 (x) =2 (x) =
1
l
√
β
ρ
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
c1 (x) =− F
2ρ
e2ax, 
c2 (x) =− F
2ρ
e−2ax, 
q =− 1,  
v (t) =q (t)  
U (t) =u (1, t) e−2a − Ae
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√
βρ
p (t) ,  
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√
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uˆt =− 1 (x) uˆx + c1 (x) vˆ + p1 (x) u˜(1, t),  
vˆt =2 (x) vˆx + c2 (x) uˆ+ p2 (x) u˜(1, t),  
uˆ (0, t) =qvˆ (0, t) + v(t) + CXˆ (t) ,  
vˆ (1, t) =U (t) ,  
˙ˆ
X =AXˆ + eAφ(0)Lu˜(1, t),  
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u˜(1, t) = u(1, t)− uˆ(1, t). 
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u˜t =− 1 (x) u˜x + c1 (x) v˜ − p1 (x) u˜ (1, t) , %&
v˜t =2 (x) v˜x + c2 (x) u˜− p2 (x) u˜ (1, t) , % 
u˜ (0, t) =qv˜ (0, t) + CX˜ (t) , %'
v˜ (1, t) =0, %
˙˜X =AX˜ − eAφ(0)Lu˜ (1, t) . %(
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u˜ (x, t) = α˜ (x, t)−
∫ 1
x
Puu (x, ξ) α˜ (ξ, t) dξ −
∫ 1
x
Puv (x, ξ) β˜ (ξ, t) dξ, %
v˜ (x, t) = β˜ (x, t)−
∫ 1
x
P vu (x, ξ) α˜ (ξ, t) dξ −
∫ 1
x
P vv (x, ξ) β˜ (ξ, t) dξ. %%
#    $   
   #
  ! #
 
 ,"  
$  
     
1 (x)P
uu
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